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A  Spectrophotometric  Atlas  of  the  Transition 

of  OH 

x\rnold  M.  Bass  and  Herbert  P.  Broida 


1.  Introduction 


Until  recently  the  standard  method  of  studying 
the  intensity  distributions  in  atomic  spectra  and 
among  rotational  lines  of  electronic  band  spectra 
was  to  photograph  the  spectrum  and  then  to  make 
a  densitometer  record  of  the  line  density  from  the 
photographic  plate.  Line  intensity  could  be 
measm'ed,  using  carefully  determined  calibration 
cuiwes.  For  the  most  part  these  procedm'es  are 
used  in  such  applications  as  quantitative  chemical 
analysis  in  which  the  intensities  of  a  few  outstand¬ 
ing  lines  are  compared  with  certain  standards,  and 
in  which  a  detailed  record  of  the  entire  spectrum 
in  the  form  of  a  densitometer  tracing  is  not  re¬ 
quired. 

The  dhect  recording  of  spectra  in  the  form  of 
intensity  as  a  function  of  frequency,  or  wave¬ 
length,  has  been  done  for  some  time  in  the  infrared 
spectral  region.  However,  similar  developments 
in  the  visible  and  ultraviolet  regions  have  been 
more  recent  because  of  the  reasonable  adequacy  of 
existing  photographic  techniques  and  the  lack  of 
suitable  detectors.  With  the  development  of  sen¬ 
sitive  photoelectric  multiplier  tubes  it  has  been 
feasible  to  use  the  direct-recording  techniques  in 
conjunction  with  high-resolution  spectrometry  be¬ 
tween  1800  and  7000  A.  In  the  past  7  or  8  years 
a  number  of  recording  grating  spectrometers  have 
been  constructed  that  employ  multiplier  photo¬ 
tubes  as  receivers  and  present  the  spectral  data 
dhectly  as  cmwes  of  intensity  against  wavelength, 
or  frequency.  There  is  a  growing  interest  in  these 
scanning  high-resolution  instruments,  which  re¬ 
sults  from  the  rapid,  acciu’ate,  and  higlily  repro¬ 
ducible  mtensity  measm-ements  that  may  be  ob¬ 
tained  with  theh  use.  The  versatility  of  these 
instruments,  together  with  theh  other  liigldy  desh- 
able  characteristics,  indicates  that  the}^  will  prob¬ 
ably  be  widely  used  in  coming  years  both  as  re¬ 
search  tools  and  for  industrial  applications. 

In  laboratories  where  the  emphasis  in  spectro¬ 
scopic  research  is  primarily  on  photographic  meas- 
m’ements  of  wavelength,  the  various  photographic 
spectral  atlases  and  charts  that  have  been  pub¬ 
lished  [1]  are  valuable  aids  in  the  identification  of 
unknown  spectra.  Most  of  these  charts  have  been 


prepared  for  atomic  spectra,  although  there  is 
available  a  collection  of  molecular  spectra  [2] 
photographed  under  widely  varying  conditions, 
but  mostly  at  medium  and  low  dispersion.  To  the 
best  of  om-  knowledge  there  is  not  available  a  com¬ 
prehensive  collection  of  spectra — either  of  atomic 
or  molecular  origin — presented  in  the  form  of  a 
cmve  of  intensity  against  wavelength,  as  the  data 
are  received  from  a  densitometer  or  from  a  record¬ 
ing  photoelectric  spectrometer. 

There  has  been  developing  in  recent  yearn  a 
greater  interest  in  the  stmH  of  intensity  relation¬ 
ships  in  spectra.  For  example,  a  necessary  part 
of  the  program  of  radiation  researches  on  high- 
temperature  gases  and  flames  which  has  been 
established  at  the  National  Bureau  of  Standards  ^ 
is  the  detailed  identification  of  the  spectra  and  the 
measurement  of  intensity  distributions  in  these 
gases.  F rom  the  relative  intensities  of  the  spectral 
lines  it  is  possible  to  determine  the  distributions  of 
rotational,  vibrational,  and  electronic  energies  for 
the  different  chemical  species  that  exist  in  the  hot 
gases  and  to  use  this  information  for  studying  the 
processes  of  reaching  equilibdum.  The  most  out¬ 
standing  features  of  the  ultraviolet  and  visible 
radiation  of  flames  are  the  emission  spectra  of  the 
molecules  OH,  CH,  C2,  CX,  NH,  NO,  and  O2. 

The  importance  of  radiation  studies  as  a  tool 
for  m creasing  Ivnowledge  of  combustion  and  flame 
propagation  makes  it  desirable  to  have  atlases 
showing  clearly  the  structure  of  the  spectra  of 
these  molecules.  Of  course  there  are  other  t5"pes 
of  spectroscopic  studies  in  which  such  atlases 
would  be  of  great  benefit.  This  spectrum  of  OH 
has  been  prepared  as  a  trial  to  learn  whether  it  is 
desirable  to  present  spectral  atlases  showing 
relative  intensities,  as  well  as  wavelengths. 

We  would  be  mterested  to  receive  any  comments 
and  suggestions  which  would  help  us  hi  the  prepa¬ 
ration  of  other  atlases  of  this  kind.  Should  the 
response  on.  this  first  trial  indicate  sufficient  general 
mterest,  we  shall  endeavor  to  prepare  similar 
spectra  for  the  other  diatomic  radicals  which  occur 
in  flames,  and  perhaps  m  time  to  extend  this  work 
to  other  important  molecules. 


2.  Arrangement  of  the  Atlas 


All  notation,  assignments  and  wavelengths  are 
those  given  in  the  complete  work  on  OH  of  Dieke 
and  Crosswhite  [3].  The  identification  of  the  O2 
Schuman-Runge  band  in  the  region 

3370  to  3430  A  was  taken  from  the  paper  of 
Lochte-Holtgreven  and  Dieke  [4]. 

The  spectra  are  arranged  so  that  an  overall  view 


of  the  — electronic  transition  of  OH 
from  2610  to  3520  A  is  given  in  figure  2.  This 
spectrum  was  obtained  from  the  hot  gases  above 
a  hydrogen-oxygen  flame.  Outstanding  features 
of  the  spectrum  are  labeled.  Following  this  the 

1  Jointly  sponsored  by  National  Bureau  of  Standards,  Office  of  X'aval 
Research,  Office  of  Ordnance  Research. 
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spectriiiii  is  ^iveii  in  detail  in  figures  3  to  19  with 
resolution  sufheient  to  separate  lines  as  elose 
together  as  0.1  A.  The  rotational  and  vibrational 
assignments  are  elearly  marked  above  each  spec¬ 
trum.  For  convenience,  an  intensity  scale  is 
])laced  on  each  greph  to  show  the  relative  intensity 
of  the  lines  as  compared  to  tlie  intense  Q2  head  of 
the  0,0  transition.  It  should  be  noted  that  the 
stronger  lines  have  an  emissivity  of  the  order  of 
0.25  and  therefore,  the  peak  heights  of  strong 
lines  will  he  considerably  decreased  by  self  absorp¬ 
tion  compared  to  weak  lines. 

Since  the  relative  intensities  of  the  various  lines 


and  bands  are  dependent  upon  temperature,  it  is 
necessary  to  use  with  care  an  atlas  such  as  this 
to  identify  lines  from  different  sources.  Figure  20 
shows  the  marked  difference  between  the  appear¬ 
ance  of  a  small  region  at  the  0,0  head  (A)  from  a 
flame  source,  (B)  from  a  high-frequency  electrod- 
less  discharge  through  water  vapor,  and  (C)  from 
a  discharge  through  a  mixture  of  water  vapor  and 
argon. 

In  figure  21,  the  emission  from  the  flame,  for  a 
small  region  in  the  0,0  band,  is  compared  with 
absorption  in  the  same  flame  as  observed  with  the 
use  of  a  xenon  high-pressure  lamp. 


3.  Experimental  Arrangement 


The  flame  source  for  figures  2  to  21  was  a  3.5- 
mm  thickness  of  hot  gas  approximately  3  mm 
above  the  tip  of  the  inner  cone  of  a  flame  of  a 
stoichiometric  mixture  of  hydrogen  and  oxygen. 
An  ordinary  welding  burner  with  a  port  diameter 
of  0.5  mm  was  used.  Previous  studies  have  indicated 
that  the  measured  rotational  and  vibrational  dis¬ 
tributions  of  OH  in  this  part  of  the  flame  corre¬ 
spond  to  a  temperature  of  2,700°  K,  or  400°  less 
than  the  calculated  adiabatic  temperature.  Spec¬ 
tral  intensities  are  reproduced  to  better  than  3 
percent  with  this  source. 

The  source  for  figure  20  (B)  was  a  150-Mc 
electrodeless  discharge  through  a  stream  of  water 
vapor  of  about  1-cm  Hg  pressure;  in  figure  20  (C) 
the  discharge  was  maintained  through  a  flowing 
mixture  of  argon  and  water  vapor  at  a  partial 
pressure  of  H2O  of  3  mm  Hg  and  a  total  pressure 
of  3  cm  Hg.  The  discharge  tube  was  a  clear-quartz 
tube  of  10-mm  inner  diameter  and  was  water- 
cooled.  The  rotational  distribution  of  this  source 
is  nearly  a  Maxwell-Boltzmann  distribution  for  the 
lower  rotational  states,  indicating  a  temperature 
of  the  order  of  680°  K.  In  figure  20  (C)  higher 
rotational  levels  are  populated  somewhat  in  excess 
of  a  thermal  distribution  at  this  temperature. 

The  spectral  dispersing  system  used  to  obtain 
the  charts  for  this  atlas  is  an  experimental  high- 
resolution  grating  monochromator  that  was  con¬ 
structed  by  the  Research  Department  of  Leeds  & 
Northrup  fco.  and  loaned  to  the  Heat  and  Power 
Division  at  the  National  Bureau  of  Standards  on 
a  field-trial  arrangement.  This  equipment  is  a 
special  adaptation  for  laboratory  use  of  a  more 
general  instrument  designed  for  industrial  metallo- 
graphic  analysis.  Detailed  descriptions  of  this 
equipment  are  given  elsewhere  [5]. 

A  schematic  diagram  of  the  light  path  is  shown 


in  figure  1.  Light  from  the  flame,  F,  is  focused 
by  tlie  front  surface  concave  mirror.  Mi,  on  the 
entrance  slit.  Si,  of  the  monochromator.  Light 
passes  through  the  slit  to  one  side  of  the  8-inch- 
diameter  concave  mirror,  M2,  at  the  focal  distance 
(30  inches)  from  the  slit  and  is  reflected  in  a  parallel 
beam  to  the  grating,  G.  G  is  a  plane  reflection 
grating  with  91,440  lines  on  a  3-by  3-inch  flat  of 
aluminum-coated  glass.  It  is  blazed  for  strong 
second-order  diffraction  in  the  region  of  3,000  A. 
The  diffracted  beam  is  refocused  by  the  other  side 
of  mirror  M2,  to  the  exit  slit,  S2,  and  then  to  a 
1P28  photomultiplier  tube,  T.  The  signal  from 
the  photomultiplier  is  amplified  and  is  fed  into  a 
pen  recorder.  Linear  intensity  is  recorded  along 
one  axis  of  the  chart  and  wavelength  along  the 
other. 

A  resolving  power,  X/AX,  in  excess  of  55,000  can 
be  obtained.  However,  for  this  OH  atlas  such 
resolution  has  been  sacrificed  in  order  to  obtain 
more  intensity.  Slit  widths  of  10  microns  have 
been  used;  in  the  second  order  this  width  corre¬ 
sponds  to  0.05  A.  The  spectra  in  figures  20  and 
21  were  made  at  a  scanning  rate  of  1.18  A  per 
minute,  whereas  the  remaining  spectra  were 
scanned  at  5.9  A  per  minute. 

The  spectra  have  been  recorded  on  blank  paper, 
and  the  figures  are  photographs  of  the  original 
records.  Positions  of  all  lines  of  the  main  branches 
have  been  marked,  but  only  resolved  lines  of  the 
satellite  branches  have  been  indicated.  Where 
possible,  the  assignments  of  Dieke  and  Crosswhite 
were  extended  either  by  use  of  the  known  energy 
levels  or  by  a  conside^-ation  of  the  spacing  of  the 
observed  spectrum  lines.  Lines  for  which  such 
identification  seems  reasonable,  but  not  entirely 
certain,  are  indicated  by  dashed  lines. 
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Figure  3.  OH  emission  in  spectral  region  2610  to  2660  A 
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Figure  5.  OH  emission  in  spectral  region  2710  to  2760  A. 
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Figure  9.  OH  emission  in  spectral  region  2930  to  2980  A. 
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Figure  17.  OH  emission  in  spectral  region  3350  to  3400  A. 
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